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The object of zhis investigation was to determine the feasibility of detecting and 

counting random pulses from a photomultiplier a i  kLgh average rates  (to 50 Mc). 

D-Xing the program, a detector and a five-stage counter, using combinational 

tunnel-diode /transistor circuits, were cocstructed and evaluated. The results of 

the tests indicate a pulse-pair resolution of better than 4 nanoseconds with wide 

dynamic range (20 db). During the evaluation, both well defined multiple pulse 

outputs and random outputs from a photomultiplier were utilized. Average rates 

of random events above 30 Mc were successfully mezsured in tests which simu- 

lated conditions to be encountered in the earth-orbit ser ies  of experiments planned 

for the I M P  satellite. A program is recommended for the design of prototype 

units for environmental evaluation, followed by construction of flight test units. 
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This study was undertaken to determine the feasibility of counting very high 

rate oxt2ut pulses from a photomultiplier-detector system. This system will be 

used in an ex2eriment to be flown in the IMP satellite, F a d  G earth-orbit series.  

Basicd'iy, the experiment consists of measuring the energy distribution of protons 

and o'iher ions o r  "solar wind" in interplanetary space. A highly elliptical orbit is 

to be flown, so a considerable variation in ion density is expected. Satellite rota- 

tion about its axis will provide a means for determining the vector distribution of 

the ion stream. 

Close to the earth, the effects of the magnetos$iere are expected to be signifi- 

cant, resillting in Considerable variation in the nunher  of detected particles. To 

optimize the detected signal with respect to  relatively fixed background noise 

sources, it is important that the largest possible ion strezm cross-sectional area 

be monitored by the experiment. One of the factors which is important in determin- 

ing signal-to-noise ratio is the maximum expected ion density to  be encountered. 

Practical counting limits then determine the size of the aperture to be employed which 

limits the ion stream cross-sectional area. 

Due to the wide range of ion densities expected, it was felt desirable to deter- 

mine the feasibility of counting events at average rates as high as 50 Mc. The 

events to be counted were assumed to  have the normal Poisson distribution. One 

of the goals of the study was to determine the feasibility of counting this distribu- 

tion of events with an 80 to 90 per cent efficiency. To accomplish this requires 

pulse detection and counting circuitry capable of operating at a rate in excess of 

250 &IC. 



Zziefly, the equipmefit to be used in the experixmt consists of an aperture in 

the side of the s2;acecraft followed by a programmable velocity selector and an 

energy per unit charge selector. The selected particles are accelerated toward a 

secocday emissioa device which emits electrons at a 15-kv pstential for each 

prinziy event. The secondaries are detected by a p:as",ic schtil lator C O C ? , ! ~  to 

the photomultiplier. 

fast circuitry and counted in a high-speed counter. For additional information con- 

cerning this ex2eriment, refer  to NASA technical note NASA T N  D-2111. 

The outputs froxx the photcrn~C-Z$iar al-a c k t w k d  by t h  
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The szudy was divided h t o  several ?Lases. Inftially, work was aimed at de- 

ve1op;Lng ar,d breadboarding circuits ca?ab!e of counting pulses at rates above 250 

Me. 1x1 paraJe l  with this effort, a study wscs made and experiments performed to 

determine the m i c a 1  types of pulses to be obtained from representative photomul- 

t$Ifers. The selectfoil of photomulti$iers was made from those capable of pro- 

viding the gain and signal rise time required for the high detection rates. Pulse 

amplitude variations, pulse pile-up and p l s e  pair resoht ioc  problems were con- 

sidered in fne sekct icn of aa adequate pulse shq ing  and detection circuit to follow 

the photomultiplier. Next, experime3ts were performed to test the capability of 

the circuits at the highest signal rates. These were followed by tests of the cir- 

cuits with several random pulse sources. Finzlly, tests were performed at 

PIASA Goddard with laboratory ion sources simulating the expected pulse rates. 

The laboratory ion sources also will be used to check out the final experiment. Re- 

sults of the study are presented in the following sections. 

B. PULSE STATISTICS 

The nature of the events to be counted are expected to  follow the normal 

Poisson statistical distribution. The probability that exactly k events will occur 

during an interval of time T is given by the Poisson frequency function 

k - (aT) e-aT 
'k -k! 

where a is the average rate of occurrence of events. In a process characterized 

by this expression, the probability that the ifitend between successive events 
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h ;;lot of t!iis h x t i o n  norxalizzd with respect to the average event frequency, 

a, is given in F i s r e  1. T5.z expor,e;tfa; nb5i-e of ‘liiis expression is an indication 

of tile maximum comting rate required to successfully comt a specified percentage 

of the occwring evects. With a m2xLmL.n c o m t h g  capbi l i ty  of five times the 

sverage rate, approximately 82 per cent of the evects ca.1, be counted. With a 

counting capability ten times average, zpproximately 90 per cent of the events can 

be counted. For a maximum average event ra te  of 50 Mc, these capabilities corre- 

spond to counter rates Gf 250 and 500 Mc, respectively. 
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Figure 1. Poisson Distribution Curve 
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C. PULSE RXSOLUTION 

Typical output pulse characteristics of photomultipliers are determined by a 

combination of the input signal and the properties of the specific photomultiplier 

employed. Tube properties important in high-resohtion counting are rise time, 

photocathode and dynode geometry, and anode geometry. Several photomultipliers 

a r e  availsble with output r i s e  t imes of the order or̂  2 namseconas for well controlled 

* I  ' p a u t  s igmls.  A ty2kr! p-i!se that can bc? expzcted from a tube of this type will have 

a rise t ime of approximately 2 nanoseconds with an exponential decay determined 

mainly by anode and load characteristics. With low value lozd resistances,  the decay 

time constant, J, will be of the order of 4 nanoseconds. Two pulses arriving close 

together, therefore,  can combine to  produce an effect known as pulse pile-up in 

~ h i c h  the amplitude of the output signal is a function of a previous input as well as 

the p x s e n t  one. This condition can cause such problems as false pulse detection 

and failure to detect small  amplitude pulses following large ones. Variations in signal 

amplitude a r e  caused by many factors, such as scattering and energy losses in t h e  

scintillator and photocathode. 

A worst c2se for resolving two adjacent pulses o c c w s  when a maximum a m -  

plitude pulse is followed by a minimum amplitude pulse. If the system is to respond 

to both pulses, C-ie threshold must be set so that the minimum amplitude pulse can 

trigger the detector. This condition requires the exponential portion of the maxi- 

mum amplitude pulse to decay to some value below the threshold before arr ival  of 

the m h i i m m  amplihde pulse. F o r  reliable operation the maximum amplitude pulse 

must decay to a value which is no larger than 0.25 of the minimum amplitude pulse. 

If the maximum amplitude pulse is denoted by Emax and the minimum amplitude by 

E,b, then 

-t/J e = 0.25 Emh max E (3) 
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Consequently, fne minfmulm pulse separatim which tile system can resolve under 

~ e s e  cocditions is obtained from Eq. (3; as 

T1 
A!. max t = J ln 4 7 

min 

(4) 

1 2 o r  aa zmpfitilde rzsge of Zmrnax/Zah = 20, tie Ferxiissible i;-Jse separation 

is 14.8 nanoseconds, corresponding to a maximLm c o a t i n g  rate  of 6 7 . 5  Mc. The 

maximum counting rate  decreases further as the amplitude ra rge  is increased. 

The problem of pulse pile-up is remedied by the pulse extraction network. 

With th is  network, the pulse decay time equais the p l s e  r i s e  time. Consequently, 

for  a pulse r i s e  time of 2 cznoseconds, the maximum permissible pulse separation 

is 4 nazoseconds, corresponding to a c ~ m t i n g  rate of 250 Mc. By sacrificing 30 

per cent of the pulse am?litude,the pdse exTractlon network can be operzted to 

permit a 3.3-1ia1iosecond pulse separation which corresponds to a counting ra te  

of 3 C O  Mc. 

D. T't'iSED LIGEiT SOLICES 

To determine the response of a photomultiplier to a narrow pulse of light, two 

sources were investigzted. The f i rs t  pulsed light source investigated was a gallium 

arseaide incoherent light-emitting diode. By driving the diode with a high-current 

pulse of about 100 milliamperes and 1 nanosecond duration, a pulse of light will be 

emi'zled in the infrared region. 

A 7102 pkotomultiplier, which was already housed and provided with a bias 

network, was obtained. This tube has an S-1 spectral response, which is in the 

infraed region. The main concern was to mor,itor actual photomultiplier pulses 

to determine their r i s e  and fall times and to investigate means of providing a ran- 

dom rate 2dse source. The diode was located close to Lye photocathode of the 
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7102 tube with a small aperture placed h between to limit the usable area on the 

p;iotoeathoda. 3 y  limiting the photocathode area  to a fraction of an inch, better 

p d s e  rise times are possible. 

The response obtained from the photomultiplier is shown in Figue 2. The 

rise t i x e  of the signal is a function of the hput  signal to the light-emitting diode, 

the diode tL-n-on time and photomui'cipkr res2ozse. The 1 0  to 90 per cent rise 

time was approximately 3 ;;anoseconds with the initial fall time, as shown in Fig- 

ure 2a, over 10  nanoseconds. The long decay time was found to be due to the 

recovery time of the gallium arsenide dioda. By placing a 5-Ohm resistor across  

the te rminds  of the diode, the recovery time was reduced considerably. In Fig- 

ure 2b, the effect of this resistor in rapidly discharging the stored charge of the 

diode is shown. A diagram of the test set-up used to perform this experiment is 

s h o w  in Fi,.;ure 3. In this test, a 50-ohm resist ive load was placed across  the 

anode of the photomultiplier. This resistance w2s found to be effective in dis- 

charging the anode capacity of the tube so that the oxiput pulse fall time was  not 

increased. Basically, this experiment served as laboratory verification of the . 

ability to obtain narrow pulse outputs from a photomultiplier with rise times and 

fail times adequate f o r  counting above 250 Me. 

The second source investigated and constructed was a device for producing 

narrow pulses in the visible region, suitable for  detection with an S-11 photocath- 

ode material (spectral response in the violet region). This technique consisted of 

detecting the spark produced by a mercury-wetted relay contact encased in a glass 

enveio2e. This approach, as described by the Berkley Radiation Laboratoriesz, 

can produce a spark of 1 to 2 nanosecond dL-ation and, depending upon the distance 

between the switch and the photocathode, can cause 1 to 1 0  electrons to be emitted. 

h d i a g a m  of this source is shown in Figure 4. Difficulties in obtaining a suitable 

coil to energize the relay and problems in coupling the output to a suitable photo- 
mL'c.' 1 q d i e r  limited the useful results obtained with this device, although narrow 

pulses of light were generated and observed using a 7746 photomultiplier. 
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0. NORMAL DIODE OUTPUT 

I 

. . ~ .  ~ 

5 NSEC/DIV 

b. DIODE SHUNTED WITH 50 OHMS 

Figure 2. Signal Output from an RCA 7102 Photomultiplier 
with a GaAs Light-Emitting Diode Source 
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Figure 3. Test  Set-Up for  Measurkg RCA 7102 Photomultiplier Response 
to  G a A s  Light-Emitting Diode Source 
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Figure 4. Diagram of Mercury-Wetted Switch Light Source 

E. R k N 3 0 M  PULSE SOURCES 

An important aspect of the study was verification of the random pulse counting 

c3pakiLty of the detector and counter circuits. To provide as realistic a test as 

possible, it was desirable to provide a random source at the input to the photo- 

multipiier so that its output would be representative of the actual pulses to be 

encountered during operation. Several solutions to  the problem of random pulse 

generation were considered, and two selected for additional study and imple- 

mentation. 

The first approach consisted of increasing the single electron dark current 

emission from the photomultiplier photocathode by stimulation with a low-level 

diifl'cse steady light SoEce. To accomplish this, the test arrangement shown in 

7@re 5 was erqloyed. The set-c? consists of a pk.otomdti~lier in a light-tight 
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Pi ETA L 
/EMCLOSU;IE 

1 :E SOURCE 

SCCKET 
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IN 

Tigure 5. Diagram of 7746 Multiplier Hods-hg and Random Light Source 

ei1dGsWe with provisions for a tungsten bulb contained in an opaque glass struc- 

ture. A low-level direct current w a s  passed through the bulb producing photons 

in the red region. A red source was chosen because of the greater likelihood of 

producing single electron emission at the photocathode. Ey varying the current 

througlh the bulb, the average number of photons striking the photocathode per 

unit time could be adjusted, thereby providing a means for adjusting the average 

rate  of the random source. This proved to be a silr,ple, reliable source of ran- 

dom pulses and was used extensively in evaluating the circuits. 

A second approach involved the use of a particle source such as a N i  6 3  beta 

source in conjunction witl  a scintillator and photomultiplier. Tests using this 

SOWCB were made at KASA Goddard and are discussed in a later section of 

tAis report .  



The problem also existed of observkg  the r z d o m  plses.  A rns2xd to 05- 

serve 'iypical rzndom p-dses from a photomultiplier tube, either a dark c u r e n t  

7,ulse o r  :: p!se produced by a photoelectron, wzs devise6 wsing a sampling scope. 

The samplkg scope is set  on internal trigger. The trigusring control on the scope 

adjusts the threshold bias on a tunnel diode contained in the oscilloscope. By ad- 

just7h.- b -;his threshold, only pulses w t l c h  exceed t2s  threshold will trigger %;e 

sweep of the scope. Each triggered sweep produces a single sample of the pulse 

that caused tke sweep due to the inhereat nature of the samFling process. This 

sample is displayed as a rrdotf' on the oscilloscope cathode ray tube. Subsequent 

sweeps have an accumulative delay period bsfore the pulse is sampled and dis- 

played os the tube. In this mamer ,  a complete display is obtained across the 

face cf the tube. When this process is used ai p d s s s  with random pulse spacirg 

and amplitude, a composite pulse shzpe is produead which is the sum of many dif- 

ferent s a n ~ l e d  pulses. Amplitude vsci-iatiozs in the p!se train are shown by con- 

siderable spreading of the pdlse outline, while re?etitive portions are more well 

defined. ( F i G r e  16 shows a pulse dis;slayed in th i s  manner. ) 

F. COUNTEX CIRCLTTS 

The five-stage counter and the detector circuits were built a rd  tested sep- 

arately. A schematic of both units is shown in F i b w e  6. A photograph of the 

breadboard counter and dete,ctor is shown in Figure 7. Both are described in 

the following paragraphs. 

1. Detector 

The detector circuit consists of a grounded base N P N  silicon transistor 

with a bane l  diode in its collector. The bias on the transistor and the bias on the 

t u x e l  diode control the operating point of the tunnel diode. The transistor is op- 

eratkAg i~ a class A mode and when the negative inpct pulse arrives,  it drives the 

Irasis-hr harder kAto cosduction. This -hcrease k~ c u r e n t  switches the monostable 
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k.h-~-..b....l-.A ...-Î -L _y___& ..-..- - .......... ........ ---.-- --.-.-.-d 

Figure 7. Breadboard Detector ar,d Counter 

t n i e i  diode which puts out a narrow pulse. Tha detector stage is coupled through 

a resistor and turiiel rectifier io another monostable tunnel-diode stage which fires 

eveiy time the detector stage receives a pulse. The second monostable tunnel- 

diode stage was inserted for convenience during "the laboratory experiments and 

is not necessary. 

The detector stage was finalized with respect to sensitivity and bias sta- 

b i l i q .  It is very important that, once the threshold setting is fixed, it does not 

drift any appeciable  amount. Any hysteresis effects had to be avoided as well. 

With respect to sensitivity, the bias on the tumel diode was brought as close to  

its threshold as possible and the minimum input pulse needed to fire the tunnel 

dio2e w2s recorded. Ths input pulse w a s  t l en  increzsed 20 db to assure that no 

k s t a X 2 y  Tesulted. This type of test was  also made witll a pulse pair separated 

by 4 nanoseconds. 
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-4 mMrnum amplitude input puke pair of 30 miiiivolts peak an,d 4 cano- 

s x s r , d  s e p r z t i a n  is shotm 'iil the u$per ptotogaph of Figure 8. The proper op- 

eration of the first stage of the counter is shown directly below. The middle 

photogra2h illustrates proper operation with input signzls of 300-millivolt ampli- 

tude. The lower photograph indicates proper o?aation of the detector with two 

d2fereiit pulses; the first, a 350-mi?livo!t pulse 21x5 the secozd, a 30-milIivoit 

p d s e  delayed ky 4 nanoseconds. The last case illustrates a critical condition 

where a wide dynamic range of over 20 db of input signal is accepted by the de- 

tsctor with 4-aanosecond pulse pair resolution. A slightly longer delay in the 

response of fne first ccunter stage t o  the  second srfialler pulse is noted in this 

case, dthough satisfactory operation is still maintaiced. A calibration curve of 

the threshold was also recorded and is shown in Figure 9. For  each setting of 

threshold bias, the minimum signal required to activate the detector was recorded. 

The first stage of the counter was observed agiin to indicate proper operation. 

2. Comter 

The counter was designed to w o ~ k  over a w Z e  bias voltage range at 

speeds as high 2s 300 Mc. Speed of operation ~ 2 s  c k z k e d  by pulses at a con- 

~ k u o ~ s  input rate and by pulse-pair bputs. The c o a t e r  s h g e s  are Chow-type 

i!i?-flops in the locked-pair configuration. The input to the f2st counter stage 

-: c-zrered by the monostable tunnel-diode amplCier circuit after the detector. 

"e output pulse of the monostable amplifier is cougled though a tunnel rectifier 

hn:o the five-stage counter chain. The input of the counter has another mono- 

sxble am2lifier stage which produces a narrow pulse when triggered. This pulse 

. - -  

-5 ,:o---,:?d k t o  *Le f?,-st s ~ s g e  0: the ~ ~ ; - J % ~  L L J ~  c ~ ~ ~ ; ~ ~  L-- L_- 3 -&--a x" -& *-I" 3 3-LZ3-X.  

Sias is set so that one tunnel diode is iocked in the high state and the 
, ... - _  -:-=- is in the low state. The negative going input pulse momentarily sets both 

:---el diodes to tZe low state. When the tu;mel diodss are in their locked condi- 

:ion, curreilt is always flowing in the inckctor through the tunnel diode that is in 

- -  
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I 1 20MV/DIV IN?UT TO DETECTOR 

1 

- J  1 . _  
2 0 0  MV/DIV OUTPUT I ST STAGE 

I 

-_ - . -  

.. 

, . . . .., 

2NSEC/DIV 

100 UV/DlV INPUT TO OETECTOS 

200MV/DIV OUTPUT IST STAGE 

100 MV/DIV [%?UT TO DETECTOR 

200MV/DIV OUTPUT IST STAGE 

2igcs 8. Waveforms of the Sensitivity Tests 0;: the Detector Circuit 
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Figure 9. Threshold Calibration Curve 

the low state. WZan the input puise arrives to momentarily shut off the current 

from Cie PGWS;: scpply, this current is maintained through the inductor and the 

tme!  ciode in the low state due to the electrical inertia oi the inductor. When 

the pulse disz;s2ears, currzqt starts flowing through bGth diodes from the power 

sqply.  Since both tunel diodes have almost equal peak cwrents ,  and the diode 

in the low stzte already hashadditional current flowing through it, this tunnel diode 

will  switch high, thereby changing the state of the flip-flop. 

Cou$I;.,g between stages is accomplished using a transistor. Whenever 

the oLtput cf the f l ipf lop goes to the high-vol'iage s b t e  (450 millivolts), it turns 

on the transistor and saturates it. The cocpling transistor draws a small amount 

of cwrent at a:! thxes a ~ d  is operatkg h a class  A a c d e .  The emitter resistor 

is bnrssed with a czpacitor s o  thzt the  tl-amistor p~ts  oxt 6 negative going pulse 

i 
16 



l\l;iiCh lasts until the capacitor charges c2 to the o c t p t  voltage of the tunnel diode 

3.; wliich time the ti-anslstor turns 03. This pulse momentarily switches both 

tunnel diodes in the second stage to t:?e low state aiid a similar action, previously 

described, occurs. The L/R time constant in the flip-flop must be made large 

enough s o  the current is maintained longer than the pulse width of the c o u 2 5 g  

signals. Therefore, the value of the RC tirr;e constant is governed by the 5/3 

time constant. 

G. PULSE HEIGHT DISTRIBUTION MEASUREMENTS 

The evaluation of the operation of the detector and counter described in Sec- 

tion 11.3 for random input signals was initiated by tests to measure the dark cur- 

rent oE@ut pulses of a 7746 photomultiplier mounted in a light-tight enclosure, as 

shown in Figure 5. A block diagram of the.test setup is shown in Figure 10. Ini- 

tially, some d2ficult-y was experienced ix~ C O U ? : ~ ~  the detector circuitry to the 

c o d e r .  To ease this problem, the detector stage was slowed down to a 20 M c  

rzte by increasiiig the size of the inductor in the manostable circuit. 

rn’ i n e  first data to be taken with this sets9 w2s that 1-equired to verify the pulse 

am$;*,ude distribution of dark current emission from the t a e .  The number of 

C G U ~ ~ L S  versus Lias-on 4 e  tunnel-diode threshold was recorded. I-n addition, data 

was also recorded fo r  the output of tke tube wi-l’n the photocathode back biased. 

This test represents the dark current emission from all other structures in the 

tube acci cofisisis of a small number of pulses that increase approximately expo- 

ne-nt:al;y wlih decreasing amplitude. Data was also recorded for the pulse height 

distribution with a low level of illumination on the photocathode, as described in 

Section 2. Eo 

The results of t‘ne three experiments are shown in Figure 11. The integral 

comt versus threshold bias was plotted on a logarithmic scale, indicating two 

distbct:y dlfferent regioxs of exponentially i s c r e z s b g  c ~ i ; ? t s  with respect to bias. 
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A t  the l a v e ?  threshold biases of from 2 to 5.5 mi:liar=?pres, emission w2s expo- 

ze.=,tial bci with a differeat &ope than 2t the higher threshold biases. This two- 

s"ipe characteristic is thought to result frol=1 s k g l e  end rn;l!ti@e ernission from 

the photccaihode. 3 The flattenkg ozt of the distribution curve for a threshold 

bias zbove 8 r S i z r p r e s  is exyacted since 2 :c:z*,>~e!y s;l?z~lti! x m 5 e r  G: ?:has 

GcC--.S wi"?- a7-Jrj:;tUdas hJ$G\'J t;--t w:?icl? ;-c*>:. - ---->-e --- - .--- --  - . -  - 
d U " . . W L )  -._.--*--..*** U&J,2 eAZL"&-G:- 

emissics  f r o a  the FhotocaL&ode. A t  ve-y iL3l-1 b b s e s  (low threshold level), a 

sh?s;-p i x r e ~ s e  in c-xxber of pulses is observed correspor,ding to stray emission 

from d p o d e s  and other structures w i t h  the If the hitegral curves are 

d21erer,tfateed, a peak should occur which would ixdicate the pulse height of the 

most pmbable s h g l e  electron pulse. The diiferential ciark current pulse height 

distribution is shown in F i v e  12, bdicating a most probable pulse detected with 

a bias of 6.8 milliampa-es. 

I'i is pass'": ,,A to ve;-l;;"y the most probabk o ~ ; t ; x t  v z h e  of a single election by com- 

p z i z g  the r a su2s  with measuremests made of the clc anode current under similar 

C C J ~ ~ G - = ~ S .  A cc;qz-ison w2s made to assure  thai the circuitry was actually de- 

tect'ir,g sk~g l s  ekctroa emission from the tube. Assumhg the reference threshold 

wiis S. 0 miXamperes  2nd that the typical noise pulse was triangular in shape with 

a 6-aanosecond width, as shown in F igwe 12, the average anode current can be 

cafcukited from the formulas 

2 e A  1 =- 
P T  

whera 

E = c:?arge on electron = 1 .6  x coulomb 

PA = tubs gain = 17 x 10' @ 2 ,  OOOV 

113 = pea!< ancde current for single electroil emission 

T = Qg'pTcal pulse width = 6 nsec 

(5) 

! 

t 
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Figure 12. Cifferential Dark Current Pulse Height Distribution 
of 7746 Photomultiplier 

aiid 

I = I  -N 
IAV p 2 

where 

N = measured number of dark counts 

= 224,00O/sec 

IAv = 0.6 pa  

The agreement beiween measured and calculated values of the average dark 

current pulse amplitude was very close as the oscilloscope measured value was 

1.2 microamperes. The average dark current measured was 1 .0  microampere. 

r' 
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I r o n  k e  c c v e  of ?igu?e li. 

average dark current is quite close considerkg the fact thzt there is some de 

leakage through the envelope of the tube which is Lot comidered in the calculated 

v~iue.  I-n addition, the pulse height distribution cwvos of Figure 11 indicate some 

r;dti$e electron emission from the photocathode 2!so not included in the calcula- 

tions. I-nc!usion of these factors would tend to mzke the results agree more closely. 

value 0, N, vkich is the measme6 n u m b ~ ~  of d z k  ccTrezt pulses, is tzken 

The aGGzxerLt Set;;isZ: cz!cu!ate:! acd measured 

I. ?ZTJLSE HEIGHT DISTRIBUTION AT 250 MC 

r-l- ine  speed of the detector circuit was &creased to 250 megacycles by remov- 

ing the large irductance. Tuise height distributions were recorded as in the pre- 

vious case when the spec6 was 20 Nc. Since the average ra te  of dark current 

pulses a-r,d the average rate  of single electron ;3zlses f rom a weak light source 

should be srfia;:, no apprecisble dl'ferecce in comts  versus threshold bias should 

result. Eowever, as the cats f rom the two runs were compared (see Figure 13), 

there was consi&rab!e cisrgyeemert. For exarqle, 2 2  biases down 2 milliam- 

peres o r  more ::om the threshold of the tunnei diode, 3 2  C G m t s  were lower and, 

as  'he blas a;;;-oacLai ;lis thceshold, there was no ilattenir,g off of the curve but 

just a costinuing increase in comts. The reason for these differences can be ex- 

plained by two factors. First, a loss in seimitivly due to the smaller inductance 

now associated with the tunnel diode threshold circillt. Some signal is lost h e  to 

the 'Lower impedmce presented by this smaller induciance. This explains the 

lower comting ra te  at the lower biases but does not account for the swift increase 

in comts as the threshold is approached. 

- a.,e -,. second fzctor is ringing in the pulse. I t  can be seen, by looking at a 

pi.,ouog:-aph of a p d s e  output from the photomulti;;lier used in the tests (Figure 14) 

tkzi the decaying portion of the pulse exhibits a c e r k i n  amount of ringing. The 

rtqkig occurs at appoximately 200 Mc. This ringbAg is associated with reso- 

c s x e s  caused ir the anode structure and cannot be e 2 m k d e d  using the 7746 
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Figure 13. Pulse Height Distribution of 7746 Photomultiplier at 250 M c  
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Figure 14. Eark Current Pulse from a 7746 Photomultiplier 
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~hst.xx:t i?liar t-zbe. Wken LIe kmei  diad? w2s cp.r:l:c! at ~ G Y  frequencies 

(30 X C ) ~  ?i was not botheyed by r;he ziiigkg as ::?e LT->ilel d:o& did cot ;-stover k 

CuArv, :mrJ bit, ~?erz+ing at higher speeck z:.d zt t:?e higher threshold biases these 

r ingkg effects were detected and c o a t e d  by the c i r c ~ i t r y ,  thereby increasing the 

co.mtir,g rates. The pclse extraction ctrcuit:-y was not used in these tests. Also  

s h ~ ~ m  ~II F i g x e  13 is a re?:oduet3r, sf the p u k e  2m31Y.~de dis'--- ;bution curve 

s:S;"ted to the right by 0.4 r X i a m p e r e  to  compensate foz loss in threshold sen- 

sitivity at the higher coati i ig rate. This curve closely follows the lower freqcency 

p l s e  l-ieight dis t r iht ion except 2s noted st the highest threshold biases. Ringing 

h &e a o d e  strcct-;;"e can be eliminated by proper dasign as has  been attemgted in 

&ie C-3;OCO hbe .  

3 .  RANDGM COUNTING m- 1 rSTS 

T o  verify the capzXity of tke detector arid c c x t e r  circuits to operzte at 

high average rztes,  a sezies of tests was performed using the test setup shown 

in Ff,me 10. The tests consisted of lirni%qg the counting capability of the counter 

by p q o s e l y  s lowkg it down. Various pkotocathoae illumination levels were then 

estabEshed oa the basis of the last d r ~ ~ d e  zurrezt Z;n,d total counts recorded. This 

p o c e s s  was repeated for counter speeds of 10, 50, 100, 150, 200 and 250 Mc at 

various threshold bias levels. A plot of the results for  a threshold bias 2 milli- 

am?el-es below Lhe threshold is shown in Fibme 152. For  the two lower curves, 

it czii Se seen that esssntially no change in counts occurs when the maximum speed 

of ike counter is bcreased  from 10 to 250 Mc. From this  observation, it can be 

co-cluded tinat tne average detected pulse rate is considerably below 1 Mc for these 

rzies. A t  the higher average rates,  a considerable vsriation in counting rate is 

observed, incica'cing average rates in excess cf 2 Mc. The last dynode current 

was ixositored in these tests and is included with the curves. A t  higher biases, 

somewhat erratic readings were observed at the higher counting rates (Figure 15b). 

23 
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J 

if the average rate of pulses is increased upward toward, say, 50 Me, each 

curve should show a linear rising portio3 ar,d then a flattening off at the higher 

freqnencies. However, L! these tests, irstead of the cumes flattening out, there 

seemed to be a tendency for the counts to increase at the higher rates and higher 

speed. These curves were taken without the pulse-shaping network ar,d at a bias 

0.5 zK!iampere down from the th?rasCo!d. The ~ e a s s n  for  the high C G - ~ ~ S  is 

;3robably due io a result of pulse pile-up and rhgimg at tne anode. 

Figwe 14 shows the degree of ringing encountered with the photomultiplier 

used in these tests (7746). Figure 1 6  shows typical dark current pulses from the 

ruggedized type C7151H planned for  actual use in the equipment. It can be seen 

that ';he ringing is much more pronowxsd in the 7746. The photographs of the 

C7151H pulses were tzken at the laborzory test set-up at the Goddard Space 

Flight Center. Wnen the pulse-shaping network was used in conjunction with 

this tube, very little ringing was produced. 

2 NSEC/DIV 

, 

I _. . -I-A , 

- -- -. 
I 

2 NSEC/DIV 

Fi,we 16. Typical Dark Current Pulses from a C7151H Photomultiplier 

25 



The breadjcard detector and counter were tested h. corfunction with NASA 

personnel at Godciard. A Nickel 63 beta s c u c e  was mo-atzd a; a movable plat- 

f o x n  to pzoduce e x i s s i m  for a plastic scicti!!2tor/FhoLLoI=~~tip?ier combination 

mo-mted in a vacuum. The particle count wzs  m=laasv.rsS as a f-axt:on of threshold 

1, L s s  w~L-A the so-x-ce I;sizice as a p&:-ar:xxz. Scr:.s oT Ai= o';jxis or" the e q e r i -  

L ~ Z L  wei-6: (1) to fLid Y e  : & Z G Z S ~ >  ~ & , V C ~ Z  tke CGJ:~C, (X) VS. voltzge (V) with 

distance (d) as a parameter; (2) to v c L f  tfiat for a :bed V, the count N is related 

to d by the inverse scpare law. Let it be assuned  that N follows the relationship 

d' 

where A, K1 and X 2  a r e  constants. 

Af te r  taking the log oc both sides, 

I log N = log- + v (X ";g A) 
2 d2 

- Let log N = y, log (Xl/d2) = b = constant, Kg log A = m and V = x 

tnenEquation 8 reduces to 

y = b + m x  (9) 

wlXch ts :ne eq-dation of a straight line where m is the slope. The validity of 

Zq. 7 is veriiied by the fact that the experimental results of Figure 1 7  shows a 

~tEiig?i.t line relationship. Here, Lie slope rn is a rAeasure of detector sensitivity. 

To show N versus d for constant V, Equation 7 may be written as 

1ogN = log ( K A K2v) - 2  b g d  

I 26 
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Figure 17. Particle Count a s  a F u c t i o n  of Threshold Bias 
using a N i  63 So*uce 

K2V 
Let log i\; = y, log (Kl A ) = a = COilstant, rail6 log d = x 

ti;m Xqurtion 10 results in 

y = a - 2 X  

w'r,lc'n is ziso the ecpatien of a straight line w2:h 2 sloae of -2. This redtionship 

I, vsyified by plottiig log N versus log d a s  shorn in Figure 18. Sone  deviation 

f?om the straight line relationship can be expected in Figure 18 because the source 

zt srr,all separations is not truly a point somce. The observation of these deviations, 

'nmever,  is made difficult by experimental measurement inaccuracy. 

A sezozd set of tests wzs performed u s k g  2 !aborztory ion source. Average 

CG;;"I$~.:?=; r&es were read irom the b rea ibozd  cowLer versus threshold bias. 
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Figure is. Particle  COX:^ as a F-mction of Distance 

”: -,,,se Q 

c122‘ied by m e a s - c h g  the ion stream separately. The calculated rztes  were 6.25 

a;:d 9 X c .  The res2eclive counter readings were 7.7 Mc and 10.3 Me. Attempts 

-IC kczease  this rate were unsuccessful due to relatively large resis tors  in the 

photcn?u’,tipller biasing network. A subsaquext test  was made with reduced bias- 

ing resis tors ,  and good correlation between calculated values and counted pulses 

was achieved up to an average rate  of 30 Mc. 

resu:,fs are  shorn in Fi,o;ure 1 9  and Table I. Two a v e x g a  x t e s  were cal- 
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TA3LE I. DATA TIECORDED USING GODCA2D IGd SOURCE AND 
RCA DZTECTOR-COUNTZR CEiCUI'XY 
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mc;ii~7,e coxxifig of single events. This problem was found to be most severe,  how- 

CVX ~ v,.l-,cr, c~-~::ing sicg!e electror, evecis snch 2s photorLclti;31ier' derk currext. 

SxbseQcent testing at NASA C-oddard, with a s u x c e  which included the effects of 

ciq". . L;r12t0r 7 7 decay using a C7151H-type tube, showed that this was not a serious 

pr o b k  m . 

To evaluate the sezsitivity of the brezdboard, plzlse hei@ distribution measure- 

r-?erAts were mace of the ca-r.c cwzcx~t ol  2 re5:zsentative photonultiplier with verifi- 

cation 0;" tkc abi;ity to detect single e lec txn  pkotoczthode emission. Measurements 

of rzn2ca  skg:e ekctrori emissicz zt z ~ t e s  were also obtained by the use of 

Icw-level s thu la t ion  of tke ;hotocatho&. As 2 L-si s s t  of the high-speed counting 

ca2Zbility GI .,:?e circuitry, random s o ~ ~ c e s  wi,h average rates  in excess of 30 Mc  

were used for  evaluatioc. The results cbiaiced were in close s g e e m e n t  with cali- 

byations. Tkroughou; the tests, no po'siems were encounters6 with the stability 

and reliability of the breadboard detector arid counter. 

E. RE C OMME hDA T30NS 
c 

Tests conducted bot% at RCA and XASA Godde-rd heve demonstrated the feas- 

ikXi.by of Xgh-s;sed co~r-tlfig of pulses 2 o m  pEotorAaltiplisrs at ra tes  in excess of 

2 5 3  Xc. T i s  cl:ct;ry imestigated has sztisfied the basic requirements of speed, 

sens2Livity zr,d stability. 31 adGition, o$imized desl:-.i is expected to result in a 

uiit of airactively low-2ower dissipation, small  size and low weight. Based on 

these conciasions, 2 program is recommended for  the design of prototype units for 

erivironmata; evaluation, followed by the construction of flight test units. 
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Errata Sheet 

FINAL PROJECT REPORT 

FOR 

HIGH-SPEED COUNTING OF PHOTOMULTIPLIER PULSES 
(31 July 1964 - 30 September 1964) 

1. Page 14, line 19 should read: 

The counter stages are chow-type flip-flops in the locked-pair configuration. 

2. Page 20, bottom line should read: 

1.2 milliamperes instead of 1.2 microamperes. 

3. Page 32, add reference: 

6. Bush, Edgar G. , 1' A Tunnel-diode Counter for Sattelite Applications1', 
NASA Technical Note D-1337. 


